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STUDIES OF NATURAL AND ARTIFICIAL PAR- 
THENOGENESIS IN THE GENUS 
NICOTIANA. 1 

RICHARD WELLINGTON 

Associate Horticulturist, New York Agricultural 
Experiment Station 

Parthenogenesis is a phenomenon that is known to 
exist in many widely separated genera of the higher 
plants. In bnt few cases does it seem likely that the 
regular reduction of gametogenesis with the subsequent 
nuclear fusion of fertilization never occurs, yet it is 
probable — from the frequent discovery of new examples 
— that it will ultimately be found that the ability to dis- 
pense with typical sexual reproduction is comparatively 
common. Should this prove to be the case, one would be 
forced to conclude that sexual reproduction was devel- 
oped for reasons other than protoplasmic necessity, as 
Maupas and his followers would have biologists believe. 

This is the fundamental problem toward the solution 
of which all data on parthenogenesis contribute, but 
pending the time when it can be discussed intelligently, 
there are sub-questions that are not without their inter- 
est. Loeb's researches have shown that the stimulus to 
development which is an attendant result of fertiliza- 
tion, is physico-chemical. Observations on several 
genera of parthenogenetic insects have, shown that the 
presence or absence of sexual reproduction is largely de- 
pendent upon external conditions such as food, light, 
temperature, etc. Little is known of the role played by 
such stimuli in parthenogenesis in plants, however, al- 
though knowledge on the subject is of some import aside 

1 Contribution from the Laboratory of Genetics, Bnssey Institution of 
Harvard University. 
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from theory. For example, the geneticist is concerned, 
if, under any of the conditions likely to obtain in his ex- 
periments, plants ordinarily reproducing sexually should 
be incited to reproduce parthenogenetically. 

This paper describes some facts on the subject ob- 
tained by experiments on the genus Nicotiana. 

The Material. 

The material used in the investigation was turned over 
to me by Professor E. M. East, who had received it from 
various parts of the world. Each species had been culti- 
vated in pure lines for at least three generations, so that 
it may be considered to be fairly well known. The spe- 
cific names used are those accepted by Comes in his 
"Monographie du genre Nicotiana," Naples, 1899. To 
his descriptions, and to such figures as are published in 
the Botanical Magazine, the plants corresponded per- 
fectly. To all intents and purposes, therefore, the plants 
may be considered wild, although they have been under 
cultivation several years. 

The writer desires to express his thanks to Professor 
East, under whose direction the investigation was car- 
ried out, for the use of the pedigreed material and for 
much valuable advice. Certain unpublished data ob- 
tained in his own researches on Nicotiana are incorpo- 
rated with his consent. 

Historical. 

For historical purposes it is only necessary to give a 
brief review of Hans Winkler's paper, "Tiber Partheno- 
genesis und Apogamie im Pflanzenreiche, " published in 
1908; and the less comprehensive paper, "Partheno- 
genese des Vegetans Superieurs," of L. Blaringhem, 
published in 1909. Blaringhem in his historical account 
of this subject, states : 

Deja Camerarius dans sa lettre celebre sur le sexe des plantes (De 
sexu plantarwm epistola, 1694) reconnait que dans ses essais de cas- 
tration du Mai's il obtient, malgre l'absence de pollen, le developpement 
de graines fertiles sur les epis latereaux femelles. 
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Among the early observers of parthenogenetic 2 qualities 
in plants are given Spallanzani (1767-1779), Henschel 
(1817-1818), Lecoq (1827), Grirou de Bnzareinqnes 
(1827-1833), Ramisch (1833-1838), Bernhardi (1834- 
1839), Tenore (1854), Gasparini (1846) and Naudin 
(1856). As a few of the plants cited by these authors are 
at the present time the object of research, Blaringhem 
gives a list of the observed plants with an indication of 
the more doubtful. 

The list is given as follows : 

(a) Plantes Dioiques. 

Bryonia didica d'apres Naudin (confirme en 1904 

par Bitter), 
Cannabis sativa d'apres Camerarius, Spallanzani, 

Henschel, Grirou de Buzareinqnes, Berhardi et 

Naudin, 
Datisca cannabina d'apres Wenderoth et Fresen- 

ius (tres douteux), 
Lychnis didica d'apres Henschel et Grirou de Buz- 

areinques, 
Mercurialis annua d'apres Lecoq, Ramisch, Nau- 
din et Thuret, 
Pistacia narbonensis d'apres Bocconi et Tenore, 
Spinacia oleracea d'apres Spallanzani, Lecoq et 

Grirou de Buzareinques. 

(b) Plantes Monoiques. 

Cucurbita Melopepo, C. Gitrullus et autres especes 

d'apres Spallanzani, Sageret et Henschel, 
Ficus Carica d'apres Gasparini, 
Urtica pilulifera d'apres Henschel (tres douteux). 

Winkler, in his introduction, cites Ccelebogyne ilicifolia 
J. Smith, a dioecius member of the Euphorbiacea3 native 
to eastern Australia, which had been cultivated since 
1829 at Kew in three "weiblichen Stocken,'.' as the first 
mentioned case of seed production without the assistance 
of pollen grains. This observation led Smith to believe 

3 No doubt many of these observations were incorrect, owing to imperfect 
control. 
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that pollen is not essential for the perfecting of Euphor- 
biacea? seed. In 1857 A. Braun described Chara crinita 
Wallr. as a true case of parthenogenesis. In 1877, Stras- 
burger with the aid of modern technique found that the 
embryos in Ccelebogyne ilicifolia were formed without 
fertilization, but that parthenogenesis was absent, as the 
embryos came not from unfertilized eggs, but from ad- 
ventitious growths (Sprossungen) of the nucellus tissue. 
In 1900, Juel definitely proved its existence in Anten- 
naria, thus establishing its presence in the higher plants. 
As botanical investigators do not always agree in the 
use of the terms parthenogenesis and apogamy, Winkler 
divides all reproductive phenomena into three divisions, 
namely: Amphimixis, Pseudomixis, and Apomixis. 

1. Amphimixis, which designates the normal sexual 
process. 

2. Pseudomixis, which means the replacement of true 
sex-cell fusions by a false sexual process. Pseudomixis 
thus differs from amphimixis, essentially, only in the cir- 
cumstance that the fusing cells are not differentiated as 
gametes. As an example of the pseudomictic (pseudo- 
miktische) method of reproduction is cited Lastrea pseu- 
domas var. polydactyla Wills, in which the sporophyte 
arises from a prothallium cell, its primordial nucleus 
fusing with a nucleus from a neighboring cell. Farmer 
and Digby (1907, p. 191) name this procedure "pseudo- 
apogamy." All non-sexual nuclear or cell fusions must 
not be considered as pseudosexual, however, for there is 
an asexual cell fusion in addition to the sexual and the 
pseudosexual, as, for example, the nucleus fusion de- 
scribed by Nemec (1902, 1903) in chloralized roots of 
Viola, and also the frequently mentioned nucleus fusion 
in the young ascus of the Ascomycetes. 

3. Apomixis, which is the replacement of sexual repro- 
duction by another, an asexual process, which is not 
bound up with nuclear fusions. For it, there is already 
another term, namely that of apogamy. This latter term 
was applied by de Bary (1878, p. 479) for the fact, "dass 
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einer Species (oder Varietat) die sexuelle Zeugung ver- 
loren geht und durch einen anderen Reproduktionsproc- 
ess ersetzt wird." The word apogamy used with the 
meaning intended by de Bary covers the term apomixis 
of Winkler ; but as all the recent authors use the expres- 
sion apogamy in a new sense, the introduction of a new 
term seems justifiable. 

Apomixis is subdivided into vegetative propagation, 
apogamy, and parthenogenesis: 

(A) Vegetative propagation consists of the replace- 
ment of fertilization by vegetative formations (Aus- 
lauferbildungen), arising of leafy (blattbiirtiger) shoots, 
vivipary and similar examples of simple vegetative divi- 
sion and the adventitious embryo formation from nu- 
cellus cells. 

(B) Apogamy, the origin through apomixis of a 
sporophyte out of vegetative cells of the gametophyte, is 
subdivided into (a) somatic apogamy, if the cell or the 
cell complex which produces the sporophyte possesses 
the diploid chromosome number, and (b) generative 
apogamy, if the mother cells of the sporophyte carry 
only the haploid chromosome number. 

(C) Parthenogenesis, the apomictic origin of a sporo- 
phyte from an egg, is subdivided into (a) somatic par- 
thenogenesis, if the egg possesses a nucleus with the 
diploid or unreduced chromosome number, and (b) gener- 
ative parthenogenesis, if the nucleus of the egg is pro- 
vided with only the haploid number of chromosomes. 

Winkler remarks, it is probable that the relations be- 
tween somatic apogamy and apospory are very close, as 
the former without the latter is surely not thinkable, 
while the latter (the primary proceeding) may exist 
without somatic apogamy. Examples of somatic apog- 
amy are given, but no certain cases of generative apog- 
amy are known; nevertheless, Winkler is very certain 
that their existence is possible. 

Somatic parthenogenesis can be obtained in two ways : 
first, it can combine with apospory, that is, a normal 
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sporophyte cell with the diploid number of chromosomes 
can grow directly into the gametophyte; second, the 
gametophyte can arise from the spores in the usual, man- 
ner, except that the reduction division is discontinued. 
Examples are known for both cases. After discussing 
the cell division of the more interesting cases of somatic 
parthenogenesis, he sums up the families in which it 
occurs, as follows : 

1. Polypodiaceas (Athyrium Filix-fcemina var. claris- 
sima Bolton and var. unco-glomeratum Stansfield ; Scolo- 
pendrium vulgar e var. crispum Drummondce) . 

2. Marsiliaceae (Marsilia Drummondii B. Br.). 

3. Banunculacefe (ThaUctrum purpurascens, Th. 
Fendleri). 

4. Bosaceae (AlcMmilla $Eualchimilla). 

5. Thymelseacese (Wikstroemia indica). 

6. Compositee (Antennaria alpina, A. fallax, A. neo- 
dioica; Taraxacum; Hieracium § Archieracium and 
%Pilosella, almost completely). 

According to Juel (1900, 1904), Murbeck (1901), Guerin 
(1904) and Strasburger (1904, 1907), somatic partheno- 
genesis is simply a vegetative process, the egg being 
merely an ovate-shaped body cell of the sporophyte. 
Winkler disagrees with this opinion, for if it be true, the 
female individuals of parthenogenetic plants could pro- 
duce only female offspring. But this is not the case, for 
from parthenogenetic seed of ThaUctrum Fendleri, Day 
obtained seeds which yielded abundantly staminate and 
pistillate plants. Thus, it is conclusively proven that 
cells are not always equivalent, even though they are 
physiologically and morphologically alike. 

Two theoretical cases of generative parthenogenesis 
are given as thinkable; first, the whole cycle of develop- 
ment could occur without a change in the number of chro- 
mosomes, that is, the haploid number is retained through- 
out ; second, a regenerative doubling of the chromosomes 
could appear in the development of an egg with the hap- 
loid number into the sporophyte. No examples of the 
latter are known to occur in the plant kingdom. 
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Merogany (Merogonie) is given a brief notice. This 
expression was first used by Delage (1899), for the suc- 
cessful fertilization of a denucleated fragment of an egg 
by a spermatozoon. It was established in animals by 0. 
and E. Hertwig (1887) and Boveri (1889) and in the 
plant Cystosira barbata by Winkler (1901). 

Parthenocarpy is more fully discussed, as it has much 
in common with both parthenogenesis and apogamy, and 
is a great source of danger in investigations made to de- 
termine their presence or absence. Noll (1902) intro- 
duced the term, and defined it as the capacity of many 
plants, under exclusion of pollen, to form fruits out- 
wardly normal, but in which seeds are absent or aborted. 
This condition was discovered by the elder Gartner 
(1788) who named it "frutificatio spuria" and was for 
the first time critically investigated by the younger Gart- 
ner (1844), who called it "Fruchtungsvermogen." 
Winkler thinks that it might be possible to separate the 
cases of stimulative parthenocarpy, in which the seedless 
fruits are produced only after pollination with their own 
or foreign pollen or in consequence of an insect prick or 
some other irritation; and the cases of vegetative par- 
thenocarpy, in which the seedless fruits are formed with- 
out any pollination or other outer irritation. The latter 
phenomenon is thought to occur less frequently than the 
former. Noll in 1902 described it in the cucumber 
(G-urke) and mentioned the then known cases, the fig and 
the seedless medlar. Ewert 8 has found that several kinds 
of fruit can develop without the assistance of pollen. 
The best results were obtained when all the blossoms 
of an individual plant were protected from fertilization, 
as otherwise the fertilized flowers were so markedly 
favored in their development when compared with the 
remaining unfertilized ones, that the latter dropped while 
immature. 

3 Ewert (1909, 1911) has noted the presence of parthenocarpy in the 
apple, pear, grape and gooseberry, and Kirschner (1900) has noted the 
same in the quince. 
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The relation between parthenocarpy and partheno- 
genesis of higher plants is very close, as all the known 
cases, of parthenogenesis are associated with partheno- 
carpy, for not only embryos and seeds, bnt fruits develop 
at the same time without fertilization. Since both fruits 
and seeds which appear perfectly normal will develop, 
although they are without embryos, one can not be posi- 
tive about parthenogenesis unless the presence of the 
embryo is ascertained. 

In the discussion on the causes of parthenogenesis and 
apogamy, Winkler suggests the possibility of physico- 
chemical changes operating' in a flower in consequence of 
non-pollination, and causing the parthenogenetic de- 
velopment of the ovules. Also, similar changes might be 
induced by the entrance of the pollen tube, even though 
fertilization did not take place, as when parthenocarpic 
fruits appear. If mutations occur which can supply the 
proper conditions for these physico-chemical changes, 
then it is possible to explain the inheritance of the par- 
thenogenetic character after it has once appeared. 
Physical changes in the cytoplasm surrounding the egg, 
as well as changes in the osmotic pressure, are considered 
as only theoretical explanations for parthenogenesis. If 
they should be a cause, "Winkler asks, why should these 
changes occur in some flowers and not in others ; and if 
they appear in all flowers, why should not parthenoge- 
netic embryo formations occur in all? 

One who is not acquainted with Winkler's and Blar- 
inghem's papers should refer to the originals, as it 
is impossible to give all the subject matter proper treat- 
ment in a brief review. The complete bibliographies 
appended to these papers are also well worthy of refer- 
ence. 

Tests foe the Peesence of Natueal Paethenogenesis 

IE - THE GrENUS NlCOTIANA 

The writer obtained no viable seed in his numerous 
castration experiments with the exception of one doubt- 
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ful case of N. plumbaginifolia. The seed of this excep- 
tion was secured in a field experiment conducted on the 
heavy clay loam of western New York, used as a check 
on the experiments of Professor East made on the light 
sandy loam of eastern Massachusetts. Since the seed 
from this one capsule of N. plumbaginifolia was all that 
was obtained from ninety-eight emasculated blossoms of 
this species, it is reasonable to treat it as the result of an 
experimental error. 

The method of testing for parthenogenesis in these 
field experiments consisted simply in emasculating and 
covering the flowers. Both paper sacks and cotton bat- 
ting were used to protect the stigmas from self or cross- 
pollination. When the latter covering was used the 
anthers were removed with the assistance of a small wire 
hook which minimized the injury to the corolla and the 
cotton wad was then fastened over the end of the corolla 
tube with the aid of a rubber band. The supposed ad- 
vantage of the cotton batting was that it would interfere 
less with the photosynthesis processes, than the paper 
sack, as it excludes much less air and sunlight. The seed 
of N. plumbaginifolia was obtained from a capsule 
covered with the cotton batting; otherwise, no definite 
results were noted in favor of either covering. As the 
heavy rains and strong winds will break off the capsules 
covered with cotton, it is advisable to enclose them with 
netting sacks. 

The extent of these emasculation experiments of Pro- 
fessor East and myself in which not a single seed was 
produced outside of the capsule of N. plumbaginifolia 
already noted, is already seen by referring to Table I. 

Mrs. R. H. Thomas was much more fortunate in her 
emasculation work, as she obtained fertile seed with no 
apparent difficulty. "Why parthenogenetic tobacco seed 
should develop so readily in England and so rarely, if 
ever, in the eastern part of the United States is difficult 
to understand. The explanation may be found in the 
differences of the soils and the climatic conditions of the 
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two places, but this assumption is improbable. It seems 
more likely that new buds which escaped notice were 
developed in the course of her experiments. This ex- 
planation of these divergent results is very probable, as 
adventitious buds appear for several weeks after the 
formation of the first buds. Both self -fertilized and par- 
thenogenetic blossoms produce offspring true to the 
mother species ; and consequently an error, if it did oc- 
cur, could not be detected. 

TABLE I 
Field Casteation Experiment 



°'1 



JV. alata var. grandiflora . . . 

N. atlenuata 

N. Bigelovii 

N. Forgeliana 

iV. glutinosa 

N. Langsdorffii 

N. Langsdorffii var. grandi 

flora 

iV. longiflora 

TV. paniculata . . 

N. plumbaginifolia 

N. quadrivalvis 

N. rustica var. brazilica . . . 
iV. rustica var. humilis. . . . 
N. rustica var. texana .... 

iV. suaveolens 

N. tabacum (broadleaf ) . . . 
iV. tabacum (calyciflora) . . 
N. tabacum (fasoiated) . . . 
iV. tabacum (Havana) .... 
iV. tabacum (Sumatra) .... 
N. tabacum var. fruticosa . 
N. tabacum var. macro- 
phylla purpurea. . . 



Mass. 



Treatment 



Emas. and covered 

Emas. and covered 
Emas. and covered 
Emas. and covered 
Emas. and covered 

Emas. and covered 
Emas. and covered 
Emas. and covered 
Emas. and covered 

Emas. and covered 
Emas. and covered 
Emas. and covered 
Emas. and covered 
Emas. and covered 
Emas. and covered 

Emas. and covered 
Emas. and covered 
Emas. and covered 






6 -a 



N. Y. 



17 



54 



10 
113 

13 
11 

83 



33 



Emas. and covered 
Emas. and covered 



Emas. and covered 

Emas. and covered 
Emas. and covered 

Emas. and covered 



Emas. and covered 
Emas. and covered 

Emas. and covered 
Emas. and covered 
Emas. and covered 



Emas. and covered 
Emas. and covered 



No. Seed 







Several 
(1 capsule) 












Experiments on the Artificial Production op Apomic- 
tic Seed in the Genus Nicotiana 

For the simplification of the following subject matter, 
the experimental procedures used in the attempted pro- 
duction of parthenogenetic seed have been divided into 
four classes, namely, the effects of foreign pollen, of 
mutilation, of fumigation, and of injections. 
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The Effects of Foreign Pollen 

Gartner (Burbidge, 1877), while making species 
crosses, obtained seed in a few cases which produced 
plants true to the maternal species and also true hybrids. 
Mrs. E. H. Thomas (1909) and Professor E. M. East 
have also observed the same phenomenon in their work. 
Professor East's results were as follows: 

Seed was obtained which produced plants like the 
mother species and also true hybrids, from crosses 
N. paniculata 4 " X N. alata var. grandiflora, N. rustica X 
N. tabacum, and N. tabacum X N. Bigelovii; seed which 
produced plants like the mother species and no true hy- 
brids, from crosses N. paniculata X N. Langsdorffii, 
N. paniculata X N. longiflora, N. paniculata X N. For- 
getiana, and N. Bigelovii X N. sylvestris; and seed which 
produced no true hybrids on one occasion but did pro- 
duce true hybrids on other occasions, from cross N. taba.~ 
cum var. lancifolia X N. alata var. grandiflora. These 
crosses gave per capsule from one to twenty-five good 
seeds that produced plants true to the mother parent, 
and many angular and undeveloped seed that produced 
very few hybrids. In the cases where no hybrids were 
produced, abortive seeds — probably hybrid in character 
— were present. 

These seeds, true to the mother species, are thought 
by Professor East to be due to adventitious embryos 
arising from the tissue of the nucellus, for no case of 
seed formation after simple castration occurred in some 
hundreds of experiments, nor did seed giving maternal 
plants arise in any but wide species crosses giving sterile 
or nearly sterile progeny. If such be the case, partheno- 
genesis did not occur in these crosses. 

Pollen grains of certain species in the plant kingdom 
are known to be capable of instigating the development 
of parthenocarpic fruits and of polyembryonic seed of 
foreign species, but whether they can cause the partheno- 
genetic development of ovules is still a question; even 

4 The authorities for the specific names of the Nicotiana species used in 
these experiments are given on p. 23. 
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though varieties of Vitis vinifera have been noted by 
Millardet (1901) as giving only Vitis vinifera progeny, 
when pollinated by Ampelopsis hederacea. Examples of 
the parthenocarpic fruits, however, are common. The 
writer, while attempting to cross the tomato with the 
Jerusalem Cherry (Solatium Pseudo-capsicum) obtained 
parthenocarpic tomato fruits, but no fruit of any kind 
developed when the reciprocal cross was made. Parthe- 
nocarpic Seckel pear fruits were also produced by the 
application of Yellow Transparent apple pollen. In the 
crosses between Nicotiana species already mentioned, 
seed true to the mother parent was produced; but as in 
the case of the Vitis vinifera, there is no positive proof 
of a parthenogenetic development. "What stimulatory 
effect is imparted by the pollen grain must be due either 
to an irritation caused by the entrance of the pollen tube 
or to the exudation of a "growth enzyme." 

The Effects of Mutilation 
The floral and axial organs of the plants were muti- 
lated by emasculation, by the removal of the anthers, by 
decapitation, by the removal of both the stigmas and 
anthers, and by burning various portions of young buds, 
with the object of upsetting the normal functional proc- 
esses in such a way as to incite the parthenogenetic de- 
velopment of seed. To simple emasculation and decapi- 
tation were added several modifications. Emasculated 
buds were covered with both paper bags and celluloid 
covers, but no advantages in favor of either covering 
could be detected. The decapitated buds were covered 
with the same two coverings, and in addition buds were 
left uncovered, but no differences in the results of these 
three methods were noted. Theoretically, the buds pro- 
vided with the greatest amount of light and air should 
be favored in their development, but in this particular 
case, the results did not permit one to draw conclusions, 
since only negative results were obtained. Since cap- 
sules of N. tabacum were found to develop from polli- 
nated flowers as well under the paper bags as under the 
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celluloid covers, the latter covering was soon discarded. 
The advantages of the paper bags are, first, they cover 
a great many buds and, second, they are put on and re- 
moved very easily. 

Clusters of buds that had been emasculated as well as 
those that had been decapitated were also ringed a few 
inches below the buds. The operation was performed 
with the hope that the food stored above the injury would 
upset the natural equilibrium of nutrition in such a way 
as to cause the development of the ovules. In these ring- 
ing experiments only negative results were obtained, al- 
though Ewert found that injuries to gooseberry branches 
favored the development of parthenocarpic fruits. 

Neither the tickling of N. tabacum buds, varying in 
size from small to large, with a camel's hair brush every 
half hour for five consecutive hours, nor the cutting of 
the bases of N. suaveolens and N. commutata buds, with 
the point of a scalpel, gave results. Professor East has, 
however, produced a slight swelling in the capsules, but 
no seeds, by occasionally tickling the buds of the follow- 
ing species with a sharp-pointed instrument — N. tabacum 
(vars. fasciated, Sumatra, broadleaf, and Havana), 
N. alata, N. Bigelovii, N. Forgetiana, N. glutinosa, 
N. Langsdorffii, N. Langsdorffii var. grandiflora, N. long- 
iflora, N. paniculata, N. plunibaginifolia, N. quadrival- 
vis, N. rustica (vars. humilis, brazilica, and texana). 

Stimulation was also attempted, as already noted, by 
burning or rather singeing buds varying in development 
from very young to nearly mature, with a heated plati- 
num wire. The hot wire was applied to various portions 
of the buds, namely, to the base, to the top of the ovary, 
the stigma, and to both the stigma and the ovary. "When 
the pistils were not injured, the blossoms were covered 
with bags, but covering was not considered essential 
when the pistils were made functionless. N. Langsdorfft 
var. grandiflora and N. plunibaginifolia gave no results, 
but one capsule of N. tabacum produced fifty-six appa- 
rently normal seeds — none of which germinated after a 
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period of several months' rest. The stage of maturity 
and the parts burned of each bud were not recorded and 
therefore the condition and exact treatment of this par- 
ticular bud are unknown. 

As a check on the uncovered decapitated pistils, 8 pollen 
from the same and other varieties was applied directly 
to the cut surface of the styles ; in addition to pollen, cane- 
sugar solutions varying from 25 per cent, to 50 per cent, 
in strength, 6 stigmatic fluids, and in one instance nectar 
taken from the base of buds, were also applied. If the 
shortened pistils could be fertilized, it was thought that 
certain impossible crosses, as N. alata X N. Forgetiana 
and Mirabilis Jalapa X M. longiflora might be made, 
providing the difficulty existed in the extreme length of 
the styles. In one case, the applied stigmatic fluid and 
the pollen grains were taken from the same species. This 
precaution was used, as it was thought that the stigmatic 
fluid of one species might contain an enzyme or an in- 
hibiting substance which would prevent the germination 
of foreign pollen grains. This supposition was sup- 
ported by the growth of pollen grains in stigmatic fluids 
placed within Van Tieghem cells. For instance, the 
N. glauca pollen grains germinated and made good 
growth in the stigmatic fluid taken from N. glauca plants, 
while N. suaveolens pollen grains did not extend their 
pollen tubes in the stigmatic fluid taken from N. For- 
getiana. If the tissue of the style contains an inhibiting 
agent, also, the germination of pollen grains on the cut 
style would be of no benefit. (This supposition may ex- 
plain the negative results. 7 ) 

B Ewert (1909) quotes Gartner who states that Henschel obtained seven 
ripe fertile seed from six blossoms of Salvia solarea whose pistils had been 
destroyed, and four abortive seeds from three capsules of Polemonium 
gracile whose pistils had also been destroyed. 

6 A 33 i, per cent, strength was used in the later work, as the pollen 
grains of N. glauca, N. longiflora and N. tabacum germinated readily and 
made good growth in this solution. 

' The presence of one or more inhibiting agents might be used to explain 
the failure of grafts between plant species, for they may act like the anti- 
bodies, produced in animals by the transference of the blood of one species 
to that of another, and cause death. 
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Whether the pollen tubes in these experiments reached 
the ovules is not known, but probably not, since no fertile 
seed was produced. The production of numerous seed 
normal in appearance indicates, however, either that the 
pollen tubes must have stimulated the nucellus tissue in 
some way, or that normal seed development was started 
but not finished, for no seed of any kind was produced in 
the decapitated blossoms where pollen grains were not 
applied. 

The total abortive seed produced by the pollination of 
the decapitated styles included two from N. tabacum 
where the stubs were covered with 50 per cent, cane 
sugar solution and self-pollinated, four from the same 
species where the stubs were covered with stigmatic fluid 
and self-pollinated, twenty-seven from N. paniculata 
where the stubs were covered with stigmatic fluid and 
self-pollinated, and fourteen from N. tabacum where 
IV. Forgetiana pollen and no fluid was applied. 

In connection with the decapitation experiments, an 
experiment on the grafting of pistils 8 was conducted. 
One hypothesis for the non-crossing of certain species, 
as has already been mentioned, is the extraordinary 
length of the style. By removing a portion of the style 
and grafting the stigma end of a pistil of either the same 
or another species to the stub, the style was shortened 
from one to one and a half inches. Immediately after 
grafting, the stigmas were pollinated. From one of the 
five grafted N. tabacum blossoms was produced one abor- 
tive seed. The development of this one seed may or may 
not have been due to the penetration of one or more 
pollen tubes, as in the cases where pollen grains were 
applied directly to the decapitated pistils. 

8 The grafting technique is simple, nevertheless, the operation is difficult, 
owing to the small size of the styles. A light splinter was first attached to 
the base of the style by means of collodion, then the upper portion of the 
style was removed with a sharp knife. The end of the pistil to be grafted 
on the stub was cut off at the same angle and placed on the stub and made 
fast with the collodion. 
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The mutilation experiments all proved to be valueless 
in the production of fertile seed ; nevertheless, they were 
interesting, since they were the only methods, except 
where actual crosses were made and where chloroform 
gas was used, which caused any seed development. 

(See Table II — Mutilation Experiments.) 

Effects of Fumigation 

Several species, the names of which are listed in Table 
III, were exposed before the plants had reached the flow- 
ering stage to gases given off by acetone, carbon tetra- 
chloride, chloroform, ether, ethyl acetate, ethyl bromide, 
ethyl chloride, ethyl iodide, and formaldehyde. As in 
the previous experiments, the buds were emasculated 
and bagged. The object of this experiment, as of the one 
on mutilation of the plants, was to endeavor to upset the 
normal development of the floral organs in such a way as 
to cause the production of seed without the aid of fertili- 
zation. 

The methods used in conducting this experiment were 
simple. Plants, growing in six-inch pots, were fumigated 
approximately one seventh of a cubic foot when drawn 
in at the top. The bags were closed either around the 
stems which had been previously surrounded with cotton 
batting or about the top of the pots, the method of treat- 
ment depending on the height of the plants. When 
everything was in readiness for fumigation, the gas was 
set free by the opening of the vial which was glued to the 
interior of the bag. Though the seams and the bottoms 
of the bags were sealed by melted paraffine, the retention 
of all the gas was not expected. A sufficient quantity 
was present, however, when acetone and formaldehyde 
were used, for the foliage of the plants, treated with these 
gases, to become noticeably injured. 
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TABLE III 

Fumigation Experiments — Forcing House 



Species 


Ht. Plant, 
In. 


Liquid 




-0 

. « 
£ 8 

Kg" 
W 


C V 


Keinarks 


TV. alata var. grandiflora. . . 


3 


Ethyl acetate 


8 


24 





Leaves drooped, three cap- 
sules developed. 


JV. alata var. grandiflora . . . 


H 


Ethyl acetate 


12 


24 





Leaves drooped. 




4 




1?. 


40 









2i 


ecu 


1', 


40 









5 


Ethyl acetate 


4 


43 





No injury. 




9i 


Ethyl acetate 


4 


72 





No injury, six capsules 
developed. 




4i 


Ethyl acetate 


6 


43 





No injury. 




91 


Ethyl acetate 


6 


72 





No injury, three capsules 
developed. 


Dewey's Sport No. 1 


5 


Chloroform 


2 


43 





No injury. 


Dewey's Sport No. 1 


12J 


Chloroform 


2 


72 





One capsule had six locules, 
six capsules developed. 




4 


Chloroform 


4 


43 





No injury. 




91 


Chloroform 


4 


72 





No injury, one capsule 
developed. 


Dewey's Sport No. 1 


6 


Formaldehyde 


4 


43 







Dewey's Sport No. 1 


131 


Formaldehyde 


4 


72 





Five capsules developed. 




31 


ecu 


4 


43 





No injury. 




9* 


ecu 


4 


72 





No injury, four capsules 
developed. 




51 


ecu 


6 


43 





No injury. 


Dewey's Sport No. 1 


111 


ecu 


6 


72 





No injury, five capsules 
developed. 




li 




8 


79 













1? 


?,4 











Ethyl iodide 


19, 


94 











Ethyl iodide 


1? 


94 









2j 




1? 


94 











Ethyl acetate 


19 


94 





Four capsules developed. 




41 


Ethyl bromide 


■ 9, 


99 





No injury. 




5 




4 


99 











Ethyl bromide 


6 


90 





Cover a bell-jar — not a 














paper bag. 




6} 




X 


79 









61 


Ethyl bromide 


12 


79 





No injury, seven capsules 














developed. 




6 


Formaldehyde 


4 


90 









7 


Formaldehyde 


9 


90 









51 


Acetone 


9 


99 


n 


Slight injury to foliage. 


JV. paniculata 


7 


Acetone 


4 


22 





No injury to foliage. 


JV. paniculata 


10J 


Chloroform 


' 1 


22 


2 


No injury, one capsule 














developed. 




10 


Chloroform 


; 9 


99 





No injury. 




11 


Ether 


; 4 


99 





No injury. 


JV. plumbaginifolia 


Short 


Ether 


:i2 


24 







JV. plumbaginifolia 


Short 


Ether 


12 


24 







JV. plumbaginifolia 


101 


Ethyl iodide 


8 


24 







JV. plumbaginifolia 


141 


Ethyl iodide 


8 


24 







JV. plumbaginifolia 


H 


Ethyl bromide 


12 


40 





One capsule developed. 




81 


Ethyl bromide 


19 


94 





No injury, one capsule 














developed. 
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TABLE III (Continued) 



Species 


Ht. Plant, 
In. 


Liquid 


a; +^ 
ft!*, 


13 


«03 


Remarks 


JV. quadrivalvis ........... 


9i 


Ethyl bromide 


12 


24 





No injury, two capsules 
developed. 




8 




8 


94 


n 


No injury, two capsules 
developed. 
















10 


Ethyl bromide 


8 


94 





No injury. 

Three capsules developed. 

Three capsules developed. 




7 




^ c > 


94 







6 




\"> 


94 


n 




9 


ecu 


4 


9,9, 


n 




12 


ecu 


9, 


99 


n 






6i 


Acetone 


4 


43 





No apparent injury. 


N. rustica var. texana 


20| 


Acetone 


4 


72 





Terminal growth injured, 
four capsules developed. 




9 


Acetone 


6 


43 





Terminal leaves, slightly 
injured. 




21i 


Acetone 


6 


72 





One leaf injured, four cap- 
sules developed. 


N. rustica var. texana ..... 


5 


Ethyl bromide 


4 


43 





No injury. 


TV. rustica var. texana 


17 


Ethyl bromide 


4 


72 





No injury, seven capsules 
developed. 




5! 


Ethyl bromide 


6 


43 





One leaf slightly injured. 


N. rustica var. texana 


17i 


Ethyl bromide 


6 


72 





One terminal blossom 
leafy, six capsules de- 
veloped. 




7 


Ether 


4 


43 





No injury. 




151 


Ether 


4 


72 





Terminal bud injured and 
produced leafy blossom. 
Eight capsules devel- 
oped. 




6f 


Ether 


6 


43 





No injury. 




18 


Ether 


6 


72 





No injury, thirteen cap- 
sules developed. 








8 


94 


n 


No injury, three capsules 
developed. 




















T> 


94 





No injury, one capsule 
developed. 
















Sessile 




1? 


94 





Leaves (outer) turned yel- 
lowish after two days. 
















Sessile 
Sessile 


Chloroform 
Ether 


12 

8 


24 

94 














Sessile 


Ether 


8 


94 











ecu 


T> 


94 





No injury. 




Sessile 


ecu 


19 


94 





N. tabacum var. fruticosa . . 


11 


Ether 


8 


72 





No injury. 


JV. tabacum var. fruticosa . . 


5i 


Ether 


12 


72 





No injury. 


N. tabacum var. fruticosa . . 


7i 


ecu 


8 


72 





No injury. 


JV. tabacum var. fruticosa . . 


°s 


ecu 


12 


72 





No injury. 




5 


Ethyl bromide 


1?, 


40 









li 




T> 


40 









3J 


ecu 


12 


40 












Untreated plants of all of the above species were held as checks on the results 
of each test. A N. rustica var. texana plant produced one leafy terminal blossom, 
otherwise, all the plants were normal. 
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A N. paniculata plant treated with chloroform gave 
two abortive seeds, hut none of the other species produced 
a seed. N. rustica var. texana, however, after two expos- 
ures to acetone vapor underwent very marked morpho- 
logical changes in the structure of the terminal blossoms, 
both of the main and of the lateral stems. In other 
words, the most exposed buds suffered the greatest in- 
jury. As the ether, ethyl bromide, and check treatments 
produced one blossom apiece which was similarly af- 
fected, and no other species, even though treated with 
acetone, was injured in the same way, indicates that the 
N. rustica var. texana floral parts are somewhat un- 
stable. This opinion is substantiated by Penzig who in 
his Pflanzen-Teratologie cites observations where N. rus- 
tica blossoms have been modified to such a degree that 
the petals have turned green and where five blossoms 
have been compressed into a common calyx. Perhaps 
the presence of a small amount of chlorophyll in the 
greenish yellow corollas is an indication of a close rela- 
tionship of the petalous to the leafy condition. Even 
though the N. rustica blossoms are easily modified, it is 
very evident that the acetone vapor caused a disturbance 
in the natural development of the floral organs, for the 
two treated plants were affected in the same way and de- 
gree. The calyxes, corollas and stamens were modified 
markedly, while the carpels and pistils and most of the 
stamens were usually normal in appearance. For in- 
stance, in some cases the calyxes were fused together and 
enlarged to such a size that they resembled distorted and 
crinkled leaves. One blossom had three sepals fused to 
the corolla and two sepals located one half inch below the 
base of the blossom. The lower two had a node as dis- 
tinct as any leaf on the branch, and within their axis were 
borne two small buds, which lacked calyxes. One of the 
upper three sepals also bore a similar naked bud in its 
axis. It may be that in this case the acetone vapor 
stunted the branches in such a way that many latent 
buds were present in a very small space. The corollas 
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in some cases were entirely replaced by small green 
leaves — smaller than the sepals — and in other cases they 
were partially replaced by leafy tissue. A few stamens 
had their filaments flattened and their anthers replaced 
by a small green leaf. These changes might be advanced, 
as an evidence of the evolutionary development of the 
floral organs, if the theory that these organs are simply 
modified leaves and that reversions are frequently caused 
by injuries were not already so well substantiated. 
Whether any mutations might have occurred in the prog- 
eny produced from these blossoms is unknown, as fer- 
tilization of the ovules was not attempted. No partheno- 
genetic seed was obtained from these injured blossoms, 
and this might have been expected, since leafy forma- 
tions in the blossoms are generally accompanied by 
sterility. 

Effects of Liquid Injections 

The forcing of liquids into the plants was performed 
with the same object in view as in the preceding experi- 
ments, viz., to endeavor to stimulate cell division and 
thus possibly produce unfertilized seed. To certain 
liquids has been ascribed the power of being able to cause 
mutations when injected into the buds of certain plants, 
but in this experiment all the injections were made 
directly into stems of plants, eight to twenty inches in 
height. 

The apparatus used was simple. Glass capillary tubes 
were connected by rubber tubing to glass tubes, about 
30 inches long and about one quarter inch in diameter, 
which contained the liquids. The rubber tubing permit- 
ted the stems to lengthen without disturbing the opera- 
tions. The end of the capillary tube was inserted from 
one eighth inch to one quarter inch into the stem, the dis- 
tance depending upon the diameter of the stems and 1 
inch to 15 inches below the terminal bud. An application 
of collodion held the capillary tube in place and stopped 
all leakage. After having supported the tube, the pinch- 
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cock — previously fastened to the rubber tubing — was 
released and the liquid flowed into the stem as rapidly as 
it could be used by the plant. The injection was assisted 
by the weight of its own column, and, in the most cases, 
by the addition of a short column of mercury, suspended 
by the surface tension of the liquid. The use of the mer- 
cury required considerable care, for when the surface 
tension was overcome by a jar, the mercury sank to the 
bottom and plugged the capillary tubes. 

The treated species were: N. tabacum var. fruticosa, 
N. paniculata, N. Langsdorfft var. grandiflora, N. Langs- 
dorffii, N. alata var. grandiflora, N. attemiata, and N. 
Sandarce. 

The materials used for the injections are : Sodium phos- 
phate, butyric and valeric acids, ethyl acetate, acetone, 
benzol, chloroform, formaldehyde, methyl blue, saffranin 
and thiazin. The last three are simply stains and were 
used to trace the course of the liquids. The coloring 
matter was found to follow the vascular bundles of the 
stems and the leaves for several inches, and yet the 
slightest trace was not discovered in the buds. Acetone, 
butyric, and valeric acids of .5 per cent, strength caused 
severe injury, formaldyhyde at 2 per cent, caused a 
slight injury to the foliage, but no other liquid caused a 
noticeable disturbance. 

All the treated plants, as in the previous experiments, 
had at least one cluster of buds emasculated and bagged, 
but all to no purpose, since not even one abortive seed 
developed. 

Summary 

1. Seed giving plants true to the maternal species in 
the F a generation accompanied by aborted seed prob- 
ably hybrid in nature, was found when certain Nicotiana 
species were cross-fertilized. Hybrid plants and plants 
purely maternal were obtained from the same capsules in 
other crosses. 

2. The capsules of several Nicotiana species were 
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caused to swell slightly by merely tickling them with a 
sharp-pointed instrument, but no seeds were produced. 

3. Abortive seed probably without embryos was pro- 
duced by singeing young buds with a hot platinum wire, 
by the exposure of young plants to chloroform gas, and 
by cutting away a portion of the pistil and pollinating 
the stub both with and without the accompaniment of a 
germinative fluid. 

4. Abortive seed was produced by shortening the pis- 
tils of a flower and grafting the stigma end of another 
pistil on to the stub and pollinating the same. 

5. The ringing of the branches below a cluster of buds 
did not assist in the production of seed. 

6. No seed was produced by the simple methods of 
emasculation and decapitation of blossoms, except in one 
doubtful case of N. plumb aginifolia. 

7. It is likely that an agent inhibitory to the growth of 
pollen grains is present in the stigmatic fluids of certain 
species of the genus Nicotiana; at least, the pollen grains 
of N. suaveolens did not germinate in N. Forgetiana 
stigmatic fluid when placed within a Van Tieghem cell. 

8. The exposure of young N. rustica var. texana plants 
to acetone gas caused the transformation of the corollas 
and the stamens of most of the terminal flowers into 
leafy tissue; otherwise, except in the mentioned case of 
the chloroform, no results were secured by the use of 
anaesthetic and toxic gases. 

9. The injection of chemicals into the stems of tobacco 
plants was valueless in the production of seed. 

10. As no unquestionable case of parthenogenetic seed 
was produced in the several hundred trials, it seems very 
improbable that parthenogenesis exists in the genus 
Nicotiana — at least in the species tested. The seed ob- 
tained in the crosses which came true to the mother 
species is probably polyembryonic — the stimulus of de- 
velopment being imparted either by the penetrating pol- 
len tubes or by a substance exuded from the same. 
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Nicotiana Species Used in the Experiments 

N. alata Lk. & Otto var. grandi- N. rustica L. var. humilis Sehrank. 

flora Comes. N. rustica L. var. texana Comes. 

N. attenuata Torr. N. Sandarce Hort. (hybrid). 

N. Bigelovii "Wats. N. suaveolens Lehm. 

Dewey's Sport No. 1. N. sylvestris Speg & Comes. 

N.Forgetiana Sand. N.tabacum (broadleaf). 

N.glauoa Grah. N.tabacum (calyciflora). 

N. glutinosa L. N.tabacum (fasciated). 

N.Langsdorffii Weinm. N.tabacum (Havana). 
N. Langsdorffli Weinm. var. gran- N. tabacum L. var. fruticosa Comes. 

diflora Comes. N.tabacum var. lancifolia (W<) 

IV. longiflora Cav. Comes. 

IV. paniculata L. IV. tabacum L. var. macrophylla 

N. plumbaginifolia Viv. purpurea. 

N. quadrivalvis Pursh. IV. tabacum L. (Sumatra). 
AI. rustica L. var. brasilica Sehrank. IV. trigonophylla Dun. 
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